In Arabidopsis thaliana, four genes have been identified in the RBCS gene family, one being assigned to subfamily RBCS-A and the other three to subfamily 2B and 3B). To determine the chromosomal location of these genes, hybridization analysis with CIC YAC high-density filters was carried out for the RBCS-A gene, and CAPS analysis for the three RBCS-B genes, based on the finding that restriction fragment length polymorphism is present in the upstream region of the gene RBCS-3B. The RBCS-A gene was mapped at 100.8 cM from the top of chromosome 1 and the three RBCS-B genes at 62.70 cM from the top of chromosome 5.
Ribulose -1,5-bisphosphate carboxylase / oxygenase (Rubisco) is a bifunctional enzyme that catalyzes the initial CO2 fixation step in the Calvin-Benson cycle in the photosynthetic process and functions as an oxygenase in photo-respiration. The enzyme is multimeric and consists of eight small subunits and eight large subunits. Each of the small subunits of Rubisco is encoded in one of the genes in the RBCS gene family in the nucleus. Although the RBCS genes have been cloned in higher plants, the chromosomal loci of individual members of the RBCS genes have not been well examined. 1 In A. thaliana, four genes have been identified in the RBCS gene family, 2 and one of them has been assigned to subfamily RBCS-A (1A) and the other three to subfamily RBCS-B (IB, 2B and SB). The three genes in RBCS-B are shown to align tandemly in an 8-kb DNA stretch with similar sequences. 2 In this report, we determined the chromosomal loci of the gene RBCS-1A by hybridization analysis with YAC high-density filters 3 and the three genes in RBCS-B by CAPS analysis. 4 A schematic representation of the 5' coding region of the RBCS-3B of Columbia (Col) and its upstream region are shown in Fig. 1(A) on which the numbers with a "-" sign denote the nucleotide positions from the transcription initiation site (DDBJ/EMBL/GenBank accesCommunicated by Satoshi Tabata * To whom correspondence should be addressed. Tel. +81-54-264-5583, Fax. +81-54-264-5582, E-mail: niwa@u-shizuokaken.ac.jp f Current address: Food Research Laboratories, Mitsui Norin Co., Ltd., 223-1 Miyabara, Fujieda, Shizuoka 426-01, Japan sion number AB004776). The insertion, of C at position -619 should result in disruption of the Drol recognition sequence, and a C to T substitution at position -481 should result in the creation of an Sspl recognition site (indicated in Fig. 1 5 were amplified with the same primers and treated with Sspl. The restriction pattern of each inbred line was summarized in Fig. 1(B) . These scores were exactly identical to those of m247 marker, indicating that the RBCS-B genes was located near the m247 on chromosome 5 (Fig. 2) .
It was reported that no polymorphism was detected by 12 The 1.2-kb regions upstream of the coding regions were amplified with P4 (5'TATCGACAATTTATTGTGG 3') and RBCS-ORF (5' TGAA T/A GGAGCGACCAT G/A GTGGC C/T TGAGC-CGG 3') primers and subjected to CAPS analysis after digestion with Sspl followed by size fractionation using 3% agarose gel electrophoresis. 13 SSLP analysis in the upstream region of the RBCS-IA gene. 6 In accordance with this observation, we could not detect RFLP in the same region. Therefore, mapping of the RBCS-lA gene was carried out by the following hybridization method. The 1.7-kb EcoKl -Hindlll fragment from the promoter region of RBCS-IA 2 was purified and used as a probe for hybridization with a set of CIC YAC high-density filters. Positive signals were detected with YAC clones 6E3 and 9H12, which had been as- To map the RBCS-A gene, the 1.7-kb EcoRI -HmdIII fragment of the RBCS-lA-specidc promoter region 2 was used as a probe and hybridization was carried out with the CIC YAC high-density filter set according to the conditions described previously, 14 except that 0.5% SDS was used. The upper and lower most markers of chromosomes 1 and 5, the map positions of the phytochrome A and C, and three members of five CAB genes are also presented.
signed to a region including the g4552 marker on chromosome 1 (http://cbil.humgen.upenn.edu/~atgc/physicalmapping/chl_pt4.html), as shown in Fig. 2 .
Chlorophyll a/b binding protein, which is a major structural component of the light-harvesting complex, is encoded by a gene in the CAB gene family. In A. thaliana, at least 5 CAB (Lhbl) genes are clustering at two unlinked loci (Lhbl A and LhblB) 7 , and the Lhbl A locus containing the CAB1 gene 8 has been mapped near the m299 marker on chromosome 1 (personal communication from Dr. L. Sun). Some of the genes for phytochromes, one of the photoreceptors in higher plants which mediate light signals essential for expression of the RBCS and CAB genes, were also mapped on chromosomes 1 and 5 (Fig. 2) . Lhbl A, PHYA, PHYB, RBCS-IA, and RBCS-B were dispersed on the chromosomes, which indicates that the receptor and target genes of light signals do not make clusters at particular regions of the Arabidopsis genome.
In Arabidopsis, three of four RBCS genes each containing two introns tightly linked at a single locus and the fourth gene locates at a different locus.
2 This organization is similar to those of tomato and potato RBCS gene families, 1 though another gene which contains three introns was reported.
1 ' 9 Genomic Southern hybridization using a portion of RBCS-lA as a probe yielded five dis-crete signals in Arabidopsis, as shown in Fig. 1 of reference 2. To examine whether the fifth RBCS gene is present or not in the Arabidopsis genome, a BLAST search was carried out using a tomato RBCS2 cDNA sequence 10 which has three introns as a query sequence against the EST (expressed sequence tag) database, but no corresponding EST was observed. The possibility still remains that the fifth RBCS gene is present but can not be detected due to low level of expression. Analysis of genome information obtained by sequencing of the entire genome will help clarify this question.
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